Road extraction from the satellite images can be used in producing road maps as well as managing and developing geospatial databases. In this work, the extraction of roads from SPOT satellite images using artificial neural network has been studied. Then the location of tunnel is extracted from image using digital elevation information. Also it is tried to enhance the precision of the road extraction method using spectral information as well as texture and morphology. The method was implemented on SPOT satellite images of Tabriz and Miyaneh (Iran). The results of this research indicate that it would be possible to promote the precision of road extraction by using texture and morphology in image classification using neural networks. Finally the location of tunnel was extracted by digital elevation information. Junctions of roads and mountains have high potential in locating the tunnel. For this reason, in this study, the junctions of roads and mountains were also detected and used.
Introduction

Road and Tunnel Extraction
The use of satellite images and their potential to be used in a wide variety of applications such as preparing and updating maps have made the automatic extraction of object, especially roads and buildings, a new challenge in remote sensing [1] . Automatic road extraction provides the means for creation, maintaining, and updating transportation networks [1] . In this study, for extracting tunnel from SPOT satellite images, the roads are extracted first then junctions of roads and mountains are detected by using digital elevation information [2] . The geology along a tunnel alignment plays a dominant role in many of the major decisions that must be made in planning, designing, and constructing a tunnel. Geology dominates the feasibility, behavior, and cost of any tunnel.
Although difficult to appreciate, the engineering properties of the geologic medium and the variations of these properties are as important as the properties of the concrete or steel used to construct the tunnel structure. In a tunnel, the ground acts not only as the loading mechanism, but also as the primary supporting medium. Thus, it is vital that the most appropriate geotechnical investigation is conducted early in the planning process for any tunnel [3] . Groundwater has the potential to cause great difficulties for underground work, and a special effort should be made to define the groundwater aquifers, sources of water, water quality and temperature, depth to groundwater [4] . Vigorous methods have been proposed for automatic and semi-automatic extraction of road networks from satellite images where few of them are explained below.
Relates Researches and Review
A comprehensive review on the proposed methods for road extraction is found in Mena (2003) where these methods are categorized from different aspects. A comprehensive reference list is also accessible [5] . Mohammadzadeh et al. (2006) proposed a new fuzzy segmentation method for road detection in high resolution satellite images with only a few numbers of road samples [6] .
Then by using an advanced mathematical morphological operator, road centerlines were extracted. A road detection strategy based on the neural network classifiers was introduced by Mokhtarzade and Valadan (2007) where a variety of input spectral parameters were tested on the functionality of the neural network for both road and background detection [7] . Idbraim et al. (2008) presented an automatic system of urban road extraction from satellite and aerial imageries. Their approach is based on an adaptive directional filtering and watershed segmentation [8] .
Mangala (2010) et al. presented an automatic rural road extraction by using neural network from satellite image [9] .
The research presented by Mena and Malpica (2005) is a good example for exploiting texture information in road extraction. In their paper, Mena and Malpica, performed a GIS updating using the pre-existing vectorial information and the RGB bands of high resolution satellite or aerial images. The binary segmentation performed in this study was based on texture progressive analysis; the three level of texture statistical evaluation being developed based on evidence theory framework [10] .
Xue Dongsheng (2005) presented a technique a technique for automatic recognition of tunnel entries from super resolution remote sensing images. First, it screens the majority of irrelevant objects such as mountains and woods in remote sensing images, and extracts the areas which include potential road information from remote sensing images. Because these tasks are for reducing the area which include road seed and shortening the time for searching road, it is based on simple and quick threshold segmentation. In the potential road area, it automatically finds road seed in terms of improved randomized Hough transformation (GRHT), which is superior to randomized Hough transformation on detecting speed and detecting precision, then automatically it searches road from road seed point according to tactic of dynamic programming. Finally, it finds entries of tunnels through estimating the function of expense that has been used to search road from road seed and texture feature of mountain [11] . Junctions of roads and mountains have high potential for the locating the tunnels. For this reason, in this study, Junctions of roads and mountains are detected. This paper is organized as follows: In Section 2 the method for road extraction is described. In this section, the image is classified by neural network method. This method uses spectral and texture characteristics for image classification to acquire high accuracy. These characteristics are introduced to neural network as input data. When classification is done, to connect road pixels and to reduce noises due to classification, a mathematical morphological method was used and an algorithm for connect road pixels based on nearby pixels was introduced and then the short lines were deleted. After road extraction from SPOT image using elevation data, and with the help of waterways and slope data, the places of tunnels were discovered. In Section 3, results are evaluated and finally the conclusion is presented in Section 4.
To implement this work, the SPOT image from road between Tabriz 
Methodology
Road Extraction from SPOT Image
In order to extract road from satellite image, methods are usually depending upon the spatial resolution and sensor characteristics. In these images, roads are shown as thin lines in low resolution while in high resolution image; roads appear as homogeneous area [7] . There are different methods for image classification where neural network is one of the frequently used methods in this regard in this research, the image is classified through neural network and is divided into two categories (i.e., road and non road). In what follows, classification by neural networks method is discussed briefly. [12] . A schematic diagram of the structure of an ANN is shown in Figure 2 .
In fact nodes are connected by weighted connectors to different layers in the ANN. In ANN there are different layers that can be generally divided into three groups of input layers, hiding layers and output layers [12] . ANN consists of two stages in classification, training and recalling [7] . In the training stage, an operation is being conducted to improve the connection weighting coefficients through some iteration processes. In this training stage the known inputs and outputs are used, and conesquently is called Supervised Classification. Back-Propagation method is based on the concept suggested by Parker and Rumelhart (1980) . This method is a gradient iteration algorithm that is being used to minimize the error as is shown in Equation (1) [7] .
where, d j and o j are desired output and ANN output respectively. Based on the results of Equation (1), the amount of correction for each weight can be calculated [5] .
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Here W is the weight between two nodes and η is a positive constant parameter that is being used for ajustment and is called training rate. α is a momentum factor (usually called stability factor) and can take value between 0 and 1 and t is the number of iterations [12] . In the recalling stage, ANN works according to the trained weighting coefficients, and conducts interpolations and extrapolations. One of the privileges of ANN method compare to traditional statistical methods is that the networks are free in distribution i.e. the training and recalling are depending on the linear combination between data patterns and are independent of input data [12, 13] . However the reasons for the success of ANN in classification can be summarized as: 1) there is no need for pre-assumption in data distribution; 2) it permits user to make use of the initial knowledge regarding classes and possible limitation; 3) the method is able to manage the spatial data from multi sources and can achieve their classification results equally [13] .
Texture Characteristics
Neural network inputs have important role for increasing classification accuracy. The spatial resolution of SPOT image is 10 meters. Roads are shown as thin lines. There is River near the road. Rivers in SPOT image has spectral and geometry characteristics like roads. This makes road extraction difficult. For this reason, only by using spectral characteristics, roads cannot be extracted with high precision. Texture information can be used to increase classification accuracy. In this study, the mean and variance and entropy is used as three textures parameters.
Variance texture for diagnosis of linear variation plays an important role because in roads, pixels brightness change sharply compared to surrounding pixels. Therefore it can be used to extract road lines from image. There is a relation between Entropy texture and image histogram. In low resolution images, the numbers of road pixels are low. There is also a relation between Entropy texture and image histogram. In low resolution image, the numbers of road pixels are low. Then these pixels have special values in Entropy texture. For this reason Entropy can be used for increasing classification precision. Equation (3) shows how to use the texture entropy on image [14] .
P is the Numerical value for each pixel of the image histogram According to different studies, textures characteristics differ from band to band [7] . In this study, the textures data were produced from SPOT images for each of the bands using ENVI 4.7 software.
Classification Performance Using an Artificial Neural Network
Input data for neural networks contain pixel information in 4 bands and textural characteristics, mean, variance and entropy values for each band. The number of input data is 16. As mentioned in Part 3 -1, training data is required to train an artificial neural network. Training samples play an important role in enhancing the classification accuracy. As is mentioned before, the image has spatial reference. Using topographic map, 47 road pixels and 1342 non-road pixels are used as training data. For designing neural network, different number of layers and neurons are tested in this project. According to Table 1 , the best results were seen in the neural network with 4 layers. This network has an input layer with 16 neurons and two hidden layers with 20 neurons in each layer as well as an output layer with single neuron. Learning rate is 0.4 and momentum value is 0.5. The minimum error is found to be of the order of 0.001. The number of iteration was 1000 and this network used logisticfunction as activation function. After training the neural network, the classification algorithm was performed on the entire image where the resulting classified image is shown in Figure 3. 
Connecting Road Pixels
To extract the road, the noise created by the image must be eliminated. Mathematical morphology is used to connect road pixels and remove noises. Dilation morphology is used to delete existing gaps in pixels connected and then with using thin morphology, narrow action will be implemented. There are scattered pixels in the image. A filter with a size of 50 in 50 moves over the image. Number of black pixels in each square 50 on 50 is counted. If this number is greater than 40, the square remains unchanged. But if this number was less than 40, all pixels in the square would be zero. Type of window that moves over the image and the number of black pixels in each window can be changed according to image spatial resolution. The result of the process is shown in Figure 4 .
After this step, those pixels known as road should be connected to each other. An algorithm is proposed here to connect these pixels. A mask with a size of 3 by 3 moves over the image. If the center pixel and one of its neighborhoods has value of 1, then a vector with four components is formed.
The first two components are the coordinates of the central pixel and two other components are neighboring pixel coordinates. After this step, duplicate vectors are removed. North and east directions are defined as main direction. With this definition, pixel 1 connects to pixel 2, if the pixel 2 is placed in north or east of the pixel1. Then those vectors which are close to each other with specified threshold (here within 7 pixels) will be connected to each other. Then the next new vectors are connected to each other if the distance between them were less than 10 pixels. In the next move those left alone lines which cannot be classified as road, are removed. Those lines with the length of less than 50 meters are also removed. After this step, there might still remain some noise. However for removing the rest of noises from the image, digital elevation model can be used. For this the waterways and slope maps can be extracted from digital elevation model. These images are shown in Figure 5 .
The fact is that the road pixels cannot be placed in water way and slope value of road is not usually greater than 40 percent. The pixels which are not obeying these conditions are removed. Resulting image is shown in Figure 6 .
Those lines that are known as roads should be connected to each other. However it should be noted that if there exists a tunnel, then the road lines will be left disconnected. Here the junctions of roads and mountains have high potential for determination of the location of the tunnels. In this study, junctions of roads and mountains are detected first. For this reason, to connect lines, first start and end of lines are determined. Then a condition is defined where if pixel 1 was end of a line and pixel 2 was the start a line, while the pixel 2 is in the north or east of the pixel 1. Pixels that are existed in line of connection between pixel 1 and pixel 2 are determined. From Each pixel whit 8 neighborhoods, if 5 pixels have slope value greater than 40 percent, then that pixel is shown in red color otherwise that pixel is shown as black color. Then the red pixels that are existed in line of connection between pixel 1 and pixel 2 are counted. If the count of them is greater than 5, then that pixels are known as tunnel, otherwise the pixels are existed in line of connection between pixel 1 and pixel 2 are known as road. Image is produced by this algorithm shown in Figure 7 . 
Evaluation of Results
The road extraction algorithms are evaluated using the confusion matrix ( Table 2) . To evaluate the results 1244 pixels of roads and 140,508 pixels of non roads as test data were introduced to the algorithm. It should be noted that these data have not been used as training data before. As can be seen, noise removal, has increased classification precision and real pixels of road are correctly diagnosed. For evaluation of Tunnel extraction, the position of tunnel that extracted by algorithm is shown in Google Map. Figure 8 show that the algorithm has correctly detected the location of tunnel. 
Conclusion
Remote sensing is a tool that can be used to indirectly gain valuable information. It should be noted that roads are shown in satellite image in various forms. Algorithms for road extraction are depending upon image spatial resolution. Image classification is one of the methods used for the road extraction. Also use of neural networks is new in image classification. It can increase classification accuracy and decrease the time of processing. In this research, neural networks methods were used for image classification. Input data networks have an important role to increase the classification accuracy. Texture parameters are used to improve classification accuracy. Mathematical morphology is used to remove noises and connection of road pixel. Tunnel location is detected using digital elevation information. Junctions of roads and mountains have high potential for the locating the tunnels. For this reason, in this study, Junctions of roads and mountains are detected.
